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NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the production method of the oxide film used for the 
gate insulator layer of an MOS transistor, the tunnel insulator layer of a flash memory, etc., and the 
production equipment of an oxide film. 
[0002] 

[Description of the Prior Art] Many research and development are furthered about detailed-izing of a 
semiconductor device, high integration, and advanced features. Progress of the detailed- ized technology 
of the insulated-gate electric field effect type semiconductor device called especially MOSFET is better 
[ **** ], and is **. MOS is a metal. (Metal) - oxide (Oxide) - semiconductor (Semi-condeuctor) An 
initial is taken. 

[0003] Oxides (insulator), such as oxidization silicon, are formed as a gate oxide (gate insulator) on a 
semiconductor substrate, a metal or a semiconductor etc. which acts as a gate electrode is formed on it, 
and an MOS transistor controls the conductivity of the semiconductor of a ground by controlling the 
potential of this gate electrode. 

[0004] Moreover, if the semiconductor film (this is called floating gate) which became independent 
electrically is formed, an insulator layer is again formed on it and a gate electrode (this is called control 
gate) is prepared on a gate oxide, it is known that it can be used as an element of a nonvolatile memory. 
Usually, it is marketed as EPROM or an EEPROM. 

[0005] The writing/elimination of memory which has such structure are making the floating gate carry 
out accumulation discharge of the charge using the tunnel effect. Therefore, the property required of the 
gate oxide film under the floating gate of EEPOROM (tunnel oxide film) is that a charge can come and 
go through a tunnel oxide fihn, in order to make rewriting possible [ in order to make it nonvolatile, 
insulate a floating gate from a silicon substrate electrically, and ]. 
[0006] 

[Problem(s) to be Solved by the Invention] Since the property which is physically contradictory is 
required of a tunnel oxide film as mentioned above, MOSFET which has the floating gate has many 
troubles resulting from a gate insulator layer. If rewriting is repeated, so-called "window narrow INGU" 
to which the difference of the threshold voUage value at the time of writing and elimination decreases 
gradually, the so-called "erratic erase" to which the threshold voltage value which suited the 
predetermined value at the time of ehmination decreases rapidly, etc. will arise. Finally, a tunnel 
insulator layer deteriorates by electric-field stress, it results in dielectric breakdown, and the number of 
times of rewriting is restricted. 

[0007] A fibn will be destroyed, if it originates in the capture ranking of a carrier charge existing, the 
electron hole generated in the gate insulator layer film is accumulated and it reaches into a gate insulator 
layer that the number of times of writing / elimination of EEPROM is restricted at a certain constant 
rate. That is, in order that the carrier of a high energy may pass through the inside of an insulator layer 
(usually oxidization silicon), combination between the atoms in an insulator layer is cut, and defects. 
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ch as a trap level, are formed. Once such a defect is formed, a carrier moves easily through here, the 
arge accumulated at the floating gate escapes, the reliability of storage maintenance is fallen 
emarkably, and it does not operate not only as stripes but as storage, and is ********** 
[0008] The purpose of this invention cancels an above-mentioned trouble, and can form the gate 
insulator layer which was excellent in reliability. It is in offering the production method of an oxide 
film, and the production equipment of an oxide film. 
[0009] 

[Means for Solving the Problem] In order to cancel an above-mentioned trouble, the composition of the 
production method of the oxide fibn concerning this invention The oxidization process which oxidizes a 
silicon film while supplying a steam in a chamber, After this oxidization process, it has the process 
which changes the inside of a chamber into a reduced pressure state, and the nitriding process which 
nitrides the oxidized silicon film while supplying the gas which has nitrization in the aforementioned 
chamber, and concentration of the water at the time of the aforementioned nitriding process is set to 1 
ppm or more 10 ppm or less. 

[0010] Moreover, it has the chamber for heat-treating the production equipment of the oxide film 
concerning this invention invention, in order to carry out the above-mentioned process, a heating means 
heat the inside of the aforementioned chamber, the atmosphere control means that supply a gas in the 
aforementioned chamber and control atmosphere, a steam supply means supply a steam in the 
aforementioned chamber, the reduced-pressure means which change the aforementioned chamber into a 
reduced-pressure state, and a means supply the gas which it has in nitrization in the aforementioned 
chamber. 
[0011] 

[Function] A non-coupling hand will be buried with nitrogen, or the Si-H combination and Si-OH 
combination in an oxidization silicon film will nitride or oxidize, the silicon-oxide film which oxidizing 
[ thermally ]-method- formed membranes will be changed to Si**N or Si2 =N-0 combination, if heat- 
treatment of 900 degrees C or more is performed in N2 O atmosphere or NO atmosphere, and the 
hydrogen in an oxidization silicon fihn decreases. 

[0012] In this invention invention, in order to form a silicon-oxide film, a wet oxidation style is adopted 
(in meaning of the wide sense containing a hydrogen-burning oxidation style), and the concentration of 
water is in a high state and oxidizes silicon . What is necessary is just to set concentration of the water in 
the chamberTn this case to 1000 ppm or more. Moreover, it is desirable, when nitrogen is supplied in a 
chamber and atmosphere control is beforehand carried out before an oxidization process. In this case, it 
is desirable when oxygen makes it mix several %- several 10% into nitrogen-gas-atmosphere mind. 
[0013] The oxidized silicon film is nitrided supplying a dinitrogen oxide (N2 O) or a nitrogen monoxide 
(NO) in a chamber, in order to nitride the oxidized silicon fibn. In this case, concentration of water is 
made smaller than the time of an oxidization process, and it is made for the concentration of water to be 
set to 1 ppm or more 10 ppm or less. For this reason, after an oxidization process is completed, the 
inside of a chamber is changed into a reduced pressure state, and the concentration of water is lowered. 
[0014] As mentioned above, by heat-treating in a part for a low water flow, N2 O, or NO atmosphere In 
order to bury the non-coupling hand in a silicon oxide with nitrogen, or for Si-H combination and Si-OH 
combination to fiiUy nitride or oxidize and to change to Si**N or Si2 =N-0 combination. Since the 
oxygen which ran short [ which ran short and Si**N-joined together ] is suppliable, composition of an 
oxidization silicon film can be brought close to a stoichiometry, and a fikn with few defects can be 
obtained. 

[0015] Although it is dependent on the property, heat-treatment temperature, N2 O concentration, etc. of 
an oxidization silicon film, when the nitrogen of 1 - 5 atom % makes 0.1 to 10 atom %, and a 
representation target contain the time of the heat-treatment in N2 O atmosphere in a silicon oxide, it is 
desirable as a gate insulator layer. 

[0016] Moreover, specifically, the oxide-film production equipment for carrying out the above- 
mentioned process has the composition shown in drawing 2 . As shown in drawing 2 , in the chamber 
(coil 217) for heat-treating, the heating means (heater 218) and the reduced pressure means (exhaust air 
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stem 212) are established. Furthermore, the steam supply means (a bubbler 219, hydrogen-buming 
umer 220) and a means (nitriding treatment gas supply system 221) to supply the gas (N2 O, NO) 
ivhich has nitrization are established. 

•00 17] In case silicon is oxidized, a bubbler 219 or the hydrogen-buming burner 220 is used, and a 
steam is suppHed to a coil 217. A bubbler 219 heats purity in the coil 217 exterior, generates a steam, 
makes argon gas contain the steam concerned, and is supplied to a coil 21. On the other hand, the 
hydrogen-buming bumer 220 is nitrogen-gas-atmosphere mind in the coil 217 interior, bums oxygen 
and hydrogen and generates a steam. Furthermore, the hydrogen-buming bumer 220 can supply dryness 
nitrogen gas and dryness oxygen gas in a coil 217. 
[0018] 

[Example] this invention is explained to drawing 1 - drawing 3 in detail based on the example of 
illustration. 

[0019] [Example 1] this example applies this invention to the production process of EEPOROM, 
drawing 1 is explanatory drawing of the production process of EEPOROM, and drawing 2 is the 
conceptual diagram of oxide-fihn production equipment. 

[0020] As shown in drawing 1 (A), by the well-known LOCOS method, high impurity concentration 
forms the field oxide fihn 102 altematively in thickness of 0.6-1 micrometer, and forms an element 
division field in the front face of the silicon wafer 101 of the P type which is about [ 1015cm - ] three. 
Next, as shown in drawing 1 (B), the tunnel insulator layer 103 is formed in the field which has exposed 
the silicon wafer 101 at the thickness of 20nm. 

[0021] In order to form the tunnel insulator layer 103, the oxide-fihn production equipment shown in 
drawing 2 is used. As shown in drawing 2 , as for oxide-film production equipment, the airtight is 
continuously connected by gate valves 205-207 possible [ maintenance ], respectively, as for cassette 
carrying-in / taking-out room 201, the wafer transfer room 202, the load lock chamber 203, and the 
oxidation reaction room 204. 

[0022] Cassette carrying-in / taking-out rooms 201 are the loculus for carrying in and taking out the 
cassette C which contains Wafer W from the equipment outside, and the cassette elevator 208 which it 
can go up and down freely is formed. Furthermore, the exhaust air system 209 and the gas supply 
systems 210, such as a vacuum pump, are connected for atmosphere control. 

[0023] The robot arm 21 1 for the wafer transfer room 202 transporting Wafer W to the wafer transfer 
room 202 from cassette carrying-in / taking-out room 201 is formed. Furthermore, the exhaust air 
system 212 and the gas supply systems 213, such as a vacuum pump, are connected for atmosphere 
control. 

[0024] The boat elevator 214 which can go up and down freely in the load lock chamber 203, the 
exhaust air systems 215, such as a vacuum pump for atmosphere control, and N2 The gas supply system 
216 for supplying gas is formed. 

[0025] The heater 218 for heating the inside of the coil 217 which consists of the quartz for oxidizing, 
and a coil 217 is formed in the oxidation reaction room 204. Furthermore, the nitriding treatment gas 
supply system 221 for supplying the bubbler 219 for supplying a steam to a coil 217, the hydrogen- 
buming bumer 220 which bums oxygen and hydrogen under nitrogen-gas-atmosphere mind, and 
generates a steam, and nitriding treatment gas, and the exhaust air system 222 are formed, respectively. 
In addition, the H2 O concentration in a coil 217 can be adjusted now in 3pbb-50% with a bubbler 219 
and the hydrogen-buming bumer 220. 

[0026] In order to form the tunnel insulator layer 103, two or more wafers W of the state of drawing 1 
(A) are contained to Cassette C, it lays on the cassette elevator 208 in cassette carrying-in / taking-out 
room 201, and the door of cassette carrying-in / taking-out room 201 is shut. Moreover, a gate valve 205 
- a gate valve 207 are closed, and it is made not to break the airtight of the wafer transfer room 202, the 
oxidation reaction room 204, and a gate valve 205. Under the present circumstances, cassette carrying- 
in / taking-out room 201 is made into the vacua of about 10 to 6 Torrs with a vacuum pump 209, and the 
wafer transfer room 202 is made into the vacua of about 10 to 8 Torrs by the exhaust air system 212, by 
"50", the oxidation reaction room 204 is made into the vacua about 10-10 Torr, and the atmosphere 
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between cassette carrying-in / taking-out room 201 - the oxidation reaction room 204 is held. 
[0027] And the gate valve 205 between cassette carrying-in / taking-out room 201 and the wafer transfer 
room 202 is opened, by the robot arm 21 1, the one-sheet wafer W is picked out from Cassette C, it 
transports to the wafer transfer room 202, and a gate valve 205 is shut. And the gate valve 206 between 
the wafer transfer room 202 and the load lock chamber 203 is opened, and Wafer W is contained on 
Boat B. If the robot arm 211 returns to the wafer transfer room 202, a gate valve 206 will be shut, a gate 
valve 205 will be opened, and the wafer W in Cassette C will be taken out by the robot arm 211. 
[0028] The above work is repeated and Wafer W is transported to the cassette C in the load lock 
chamber 203 from the boat B in cassette carrying-in / taking-out room 201. In addition, whenever Wafer 
W is transported, the cassette elevator 208 moves up and down and the robot arm 211 has come to be 
able to do the predetermined wafer W ejection and installation. In addition, the during-this-period and 
gas supply systems 209 and 212 to N2 Gas may be supphed and the inside of cassette carrying-in / 
taking-out room 201 and the cassette transfer room 202 may be made into nitrogen-gas-atmosphere 
mind, respectively. 

[0029] After the wafer W of predetermined number of sheets is contained by Boat B, nitrogen gas is 
suppUed to the load lock chamber 203 from the gas supply system 216, and between the wafers W 
contained by Boat B is made into nitrogen-gas-atmosphere mind. And a gate valve 207 is opened, a boat 
elevator 214 is raised, and Boat B is installed in the coil 217 of the oxidation reaction room 204. 
[0030] Drawing 3 is explanatory drawing of oxidization / nitriding process within a coil 217, and a 
horizontal axis is a time-axis. As shown in drawing 3 , at the time of loading, heating the inside of a coil 
217 gradually, at a heater 218, super-dryness nitrogen gas and super-dryness oxygen gas are 
simultaneously supplied in a coil 217 from the hydrogen-burning burner 220, and an oxygen density 
makes it to several % - about 30% into nitrogen-gas-atmosphere mind, and it is made the super-dryness 
whose steam concentration is about lOppb. If wafer W temperature rises to oxidation reaction 
temperature, i.e., the temperature which is about 800-1200 degrees C, the temperature will be held, and 
it is the super-dryness N2. Gas and super-dryness 02 Supply of gas is stopped. In addition, in this 
example, wafer W temperature is raised to 900 degrees C. 

[0031] Next, super-dryness oxygen gas is again supplied from the hydrogen-burning burner 220, Ar gas 
which contains water from a bubbler 219 is supplied fiirther, and wet oxidization of the front face of a 
silicon wafer 101 is carried out. A silicon-oxide film is formed in the front face of a silicon wafer 101 at 
the thickness of lOnm. In this oxidization process, the concentration of H2 O is held to about 500-10000 
ppm. Concentration of H2 O is set to 1000 ppm in this example. 

[0032] After oxidization process, with the temperature in a coil 217 held, the inside of a coil 217 is 
pulled to the vacuum of ten to 4 Pa by the exhaust air system 222, and the concentration of H2 O is 
reduced. And N2 O gas is supplied from the nitriding treatment gas supply system 221, by the bubbler 
219, Ar gas containing a steam is supplied and H2 O concentration is maintained to about 3-10 ppm in 
the meantime. In this example, H2 O concentration is maintained to 3 ppm. Consequently, a silicon- 
oxide film is nitrided in N2 O atmosphere, and a silicon oxidization nitride is formed. 
[0033] In addition, in order to obtain the suitable fihn for the tunnel insulator layer 103 (gate insulator 
layer), it is [ a nitrogen atom ] good in a silicon oxide to carry out 1-5 atomic-ratio content. What is 
necessary is just to adjust the rate of nitriding of a silicon oxide suitably at N2 O concentration, heating 
time, and heating temperature, since the rate by which a silicon oxide is nitrided becomes large so that 
heating time is so long that heating temperature is so high that N2 O concentration is large. Moreover, in 
case a silicon oxide is nitrided, it is also possible to use NO instead of N2 O. 

[0034] After annealing process (nitriding process), wafer W temperature is lowered gradually, with the 
atmosphere at the time of aimealing maintained (unloading). The tunnel insulator layer 103 is formed 
through the above process. (Drawing 1 (B)) 

[0035] If the temperature of Wafer W descends moderately, Boat B will be transported to the load lock 
chamber 203 from the oxidation reaction room 204 by the boat elevator 214. And work contrary to the 
work which transported Wafer W to Boat B from Cassette C is done, and the wafer W with which the 
tunnel insulator layer 103 was formed of the robot arm 21 1 is contained to the cassette C in cassette 
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carrying-in / taking-out room 201. Cassette carrying-in / taking-out room 201 is changed into an 
atmospheric pressure state, and Cassette C is taken out. 

[0036] Next, the polycrystal siHcon film 104 of P type is formed in thickness of 50nm on the front face 
of the tunnel insulator layer 103. Again, the sihcon-oxide film 105 is formed in the thickness of 10- 
50nm by the oxidizing [ thermally ] method, in this case, the equipment shown in drawing 2 -- using it - 
a bubbler 219 ~ using it - a wet oxidation style - or what is necessary is just to form the silicon-oxide 
film 105 by the hydrogen-buming oxidation style using the hydrogen-burning burner 220 Or you may 
form ONO **** which has the three-tiered structure which consists of an oxidization silicon film, a 
silicon nitride film, and an oxidization silicon film instead of the silicon-oxide film 105. Next, the 
polycrystal siHcon film 106 of a phosphorus dope is formed in 300nm in thickness. ( Drawing 1 (C)) . 
[0037] The polycrystal siHcon film 104, the sihcon-oxide film 105, and the polycrystal silicon fihn 106 
^j.^ respectively, and a floating gate 107, the insulator layer 108 between siUcon, and the 

control gate 109 are formed. And with the method ion-implantation of rotation slanting, the impurity ion 
which gives n type conductivity is poured in, and the source 110 and a drain 111 are formed in a self- 
adjustment target. ( Drawing 1 (D)) . Furthermore, an electrode required for the source 110 and a drain 1 
is formed. Or especially when using the source 110 and a drain 1 1 1 as wiring, it is not necessary to form 
wiring with metal wiring etc. Thus, an EEPROM element is formed. 

[0038] It is N2 in order to produce the tunnel insulator layer 103 in this example. H20 concentration 
was set to 1000 ppm in atmosphere, and wet oxidization of the silicon film was carried out, next the 
silicon oxide is nitrided by N2 O by part for the low water flow whose H2 O concentration is 3 ppm. In 
order that the tunnel insulator layer 103 of this example may evaluate, the silicon oxidization nitride 
which oxidization process and annealing process were changed in H2 O concentration, and produced it 
is evaluated. Here, to the hydrogen concentration of 3 ppm of annealing process, and 1000 ppm, the H2 
O concentration of oxidization process was changed, the fihn was formed, and the defect density (cm-2) 
of these silicon oxidization nitrides was measured. In addition, in order to distinguish a silicon 
oxidization nitride by H2 O concentration, it writes like a film (H2 O concentration of the H2 O 
c oncentration / a nnealing process of oxidization pr ocess) . For example, the tunnel insulator layer 103 of 
flus example examplels expressed as a~irlTrr(TODT) ppm / 3 ppm). 

[0039] The film whose hydrogen concentration of annealing process is 1000 ppm becomes large 
gradually in defect density in connection with oxidization process H2 O concentration becoming large. 
For example, by the fihn (3ppb / 1000 ppm), it is 0.5cm-2, and will increase about [ 0.8cm - ] to two by 
the film (100 ppm / 1000 ppm). 

[0040] On the other hand, as for the film whose hydrogen concentration of annealing process is 3 ppm, 
according to defect density becoming small in the steam concentration of oxidization process by 
becoming small rather than the film whose hydrogen concentration of annealing process is 1000 ppm, 
defect density decreased irrespective of the hydrogen concentration of oxidization process mostly. For 
example, although it is about [ 0.6cm - ] two by the film (3ppb / 3 ppm) film and is about [ 0.3cm - ] two 
by the film (100 ppm / 3 ppm) film, it can be referred to as 0.1 cm-2 by the film (1000 ppm / 3ppb) film 
of this example example. 

[0041] In oxidization process, although this has effective existence of H2 O in order to obtain a reUable 
insulator layer, it shows degrading the property of an oxide film in H2 O existing in the nitriding 
process. At an annealing process, since temperature falls, if H2 O exists, oxidization will not be made 
good and H2 O and OH basis will remain in an oxide film. At this example, it is in an annealing process. 
It is ****** to make concentration of H2 O low, and to obtain a siHcon oxidization nitride with few 
defects by N20, in order to nitride and oxidize the non-coupling in an oxide film. Si - H coupling, and 
Si-OH combination. Such a silicon oxidization nitride is suitable for the tunnel insulator layer 103. 
[0042] [Example 2] Although the wet oxidation style was adopted and the fi"ont face of a silicon wafer 
101 was oxidized in the example 1 when producing the tunnel insulator layer 103, this example adopts a 
hydrogen-buming oxidation style, and oxidizes silicon wafer 101. Also by this example, the oxide-film 
production equipment shown in drawing 2 is used, and the tunnel insulator layer 103 is produced 
according to process drawing shown in drawing 3 . 
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[0043] In this example, a steam is supplied with the hydrogen-burning burner 220 in oxidization 
process. In this case, concentration of H2 O is made into 35% by the number - about 10% of numbers, 
and this example. After an oxidization process, steam concentration is maintained to 3 ppm, it anneals in 
N2 O or NO atmosphere, a silicon oxide is nitrided, and a siUcon oxidization nitride is obtained. 
[0044] The tunnel insulator layer 103 of a twist of this example can improve a TDDB (dielectric 
breakdown with the passage of time) property to a dry oxidation style, and can improve the TDDB life 
over electric field by about several 10 times. 

[0045] Although the above-mentioned example explained the tunnel oxide film of an EEPROM 
element, it is also possible to apply to the ONO film of an EEPROM element and the gate electrode of 
an MOS transistor. 
[0046] 

[Effect of the Invention] After forming a silicon oxide by the wet oxidation style, in this invention in 
N20 atmosphere And since water concentration produced the silicon oxidization nitride as it heat- 
treated by 1 ppm or more 10 ppm or less. Since Si-H combination and Si-OH combination by which the 
non-coupling hand in a silicon-oxide film and combination are weak, and it is simply divided by the hot 
carrier are transposed to the Si**N combination with a firm combination, Si2 =N-0 combination, etc.. 
The resistance over a hot carrier is high, and since the oxide film which can prevent degradation and 
aging of a property can be obtained, a reliable gate insulator layer (tunnel insulator layer) is producible. 

[Translation done.] 
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^ >/<rtic-Kfb-ft^ (N2 0) 3li±-g?ft:M« (N 
O) 5rtt«&L'i7!)*e>, K^tS tif^ v n VK^rg^bl" 

20 -C. TK^igftTSM p pmJ':i± 1 0 p pmmTll=fc^. J: d 
[0 0 14] ±fSc75i 9 f&TK^, N 2 0X(±NO5? 

m%.xim»-Mm-ti>::.t\zi.y)^ mt'y') ■:iy^<r)y[^t^ 

t^^^1)^m.mAZX.-oXmibhfifzy) . Si-HIS-g-^S 

1 -0H^-g-;4f^^liafb*-&vn±K<b$tLr, S i = 
N. *;&v^liS i2 =N-0^-g-lc^fb-t>&/cs:). S i 

« , KfbS^m^mSt t f b^fi^Jt icifio'lt ^ w i: 7>J-C- 

(0 0 1 5] N2 0#iB^lCi5lt'&Sn^^aOB#K(±, 

ffi?fba«K<7)#i4 • m^.^m^s. ■ n 2 oi&m^iz^^ 
Bit Lr»s Lv^o 

[0 0 16] tfz. ±.tzniLm%mt^fzib<Dmtm 
{■^ij^fiii, :i.#wic(±, m2\zm-rmis.^^^z>o m 

2 1 7) ICiJV^T. inlfe^^ 2 1 8) , itEE# 

40 e (fl^^.^>2 1 2) Ti^iatfbnrv^^o Sibc, 

ttif&^S (^•fr^ 2 19, *^^ffi^f-:f-2 2 0) , g 
<bf^ffl«r*t-S^# (N2 0, NO) 

(Sfb$!!i3l**;^ttJ&,^.2 2 1 ) 75^15: (t'bttrv^^o 

[0 0 17] V V n v^rSEfbi-'&fiSl::!*. >'<r7 2 1 
9 , -X(±7k«^M^<-f- 2 2 0 ^iiffl LT, 
lL.'t2 1 7\Z^.f^-ti,o ^<ry 2 1 9Ji, S:IdW2 1 7 

T;l'3'>**;^lC-&^?-tirT, S/c.tf2 1 t;tt|&1--&o ■ftU 
2 2 Oli, RIl-1=2 1 7l*ia5T-S^ 

50 ^m%X'. KKi*«*^^jtj!$-eT7K^^^%*1-'&<t 
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[0 0 18] 

imtf&m] -1213 lciiI^(7)3IJS«?iJic^o-v^ 

[00191 int&m 1 ] ^^js(?!Ui^a^ s- e e p 

P0R0MO{^SKIfI<0|iiq§|§lT-abi), m 2 liggfbmf'^ 

[ 0 0 2 0 ] m (A) iZTjii- i -7 ic, ^&(73 LOCO 
S&(Ci»). ^*fi!taigJK*n 0 15cm-3ggC0Pl!<!0-> 
>j3>'t;x>'Nl 0 lOSffiH. 7 >f - ;W KK-ftm 1 0 2 

fSlt4-?KfiK1-^o nil (B) 
=i>'i7x>'Nl 0 1 co^aiLTV^^ffllSlc, h>^;uip§^ 
1^ 1 0 3 ?r 2 0 n mOlp:$ irffM-t-So 
[0 0 2 1 ] h V^-Jl'^^Kl 0 3 «-ffMi-'2.tw(±, H 
2 H^-r®?{blKftSS^e*Mv^-5o H 2 (C^-r J: 0 

imimmm^i. *-b-> kma • aiaig2 o i. 

^i^S 2 0 2 ^ n - Kn ^ ^ 2 0 3 . KfkSlS 
S2 0 4 fi■?•^^-?'^^'>''f K>'n*;1'7'2 0 5 - 2 0 7 Hi 

[0 0 2 2] *-fe y hJKA • ieaiS2 0 1 14. ■>x>'>W 

#P$gft^:;<7-t hJil^'-:-^' 2 0 8 74^ 

y^<Dm^?h2 0 9 ii::^^M2 1 Q-h-^m.^f\,X 

[0 0 2 3] j:.''^#Ji^2 0 2 14-^7 i/NW h 
«xA-«Saia2 0 l7i^^b't7x/^i^^la2 0 2 ir^iii-^ 
f^a^On*--;/ hT-A2 1 1 *^SltibtiTv^^.„ MtC,. 
#H^$IJ^<75/ci6H, *^*'>y^(7)SfM^.2 1 2 
*';^«tj&^.2 1 3;!)«g^Stirv>io 

[0 0 2 4] n- Kn ^'f-Y >/<2 0 3 IZ{±, ^[^g 
2 1 4 '^m%Mm<r>tzibn% 

^■if^y/m(r>m%7h2 1 Si:. N2 **;^^m*&-r^/^*!) 

[0 0 2 5] KfbK/£S2 0 4 C(4. SgfkSlt.^^f ^ T'c 
«:)05^7i^e3gS;-5,Rlt:.l=2 1 7, SrDl=2 1 7l*lS-J)D^?i 
l-'S./ci^Ot-^' 2 1 8*f|S:»ti^aTV^-5>„ Sti. Rtt. 
1=2 1 7tC7RflE^^tt*&1-^fci60/N'r7 2 1 9, 

BM^<-t2 2 0. m.it^m*'^i:mm-ri>fzi(>(r>mit 

^mif:^m^M2 2 1. S^^^2 2 2 7jf-eix-r^t|Jtt'b 
ttrv^^o 'iiJ, ^^-r^ 2 1 9St^'7K^^^^^^'-:^2 2 
OHi StD:-l=2 1 7|*I<7)H2 OigJt^3 p b b~5 
0%.O|EH'CplD-r-£.w i:7!i^r-§i J; -5 H^roTv^^.^ 
[0 0 2 6] H V^-;HeitBg 1 0 3 SrSM-r-S * 
•b-yhCtc, HI (A) 0^^t.®(7)H7 J,/^w^^I^^S:lR^ 
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LT, *-t 7 HfiA • ^aiS2 0 1 f*I(0*-b-> h 

2 0 8±(:meL-c, ij-ty hmx • mtiim.2 0 I 

(Dmi^>f)i>o tfz. h>'<;pr2 0 S-r-f h/N-ju 
7'2 0 7 «-MI:t, 'i'i-'^^^^g2 0 2. Kfk;ErDa2 

0 4, r^f b-"f;V7'2 0 5 0^^$-fi£e,'5:v>J: ^ IC-f 
-So ^OE^. KS-1^>7'2 0 9 H<t , -h-k^-j V^X ■ 

2 0 1 * 1 0 -6T o r r fUtOES^I^i; S 
i^f^^. 2 1 2 J: »5 . i>'^^^IIS 2 0 2 1 0 -8 
T o r rgac7)K^#t^,tcL, F 5 0 J J: , ggfkS 
10 rDM2 0 4=S: 1 0-10 To r r@«<0*^tt.®tlLT. 

UKA • Jeaim2 0 1 -~^itKlZ'^2 0 4 P^^tO^ 

[0 0 2 7] -E-LT, *-t -y hJSA • ^aia.2 0 1 t -^7 

jL/^^m^2 0 2<r>m<Dy^ h>'N-;i'r2 o 5 im^fx. 

n.-K-y h T-A 2 1 1 {I J; . *-fc-7 h Ct4»c> 1 tSc-^? x 
>'NWSr|Xt)aiLT, 't7x/N^^IS2 0 2 IC^i^L-C. y 
h/N-;i'r2 0 5 ?rM*-5o ^Ur. '^x>'Ni^^lM2 0 
2 to- Kd->^.^+>/^2 0 3 0Hor'f h/N*;U7*2 

20 1 lii^'^^^^^^m.2 0 2l,zm^tzh, Y-i 

h^<)\^y2 0 6 SrH*, h^<)i'y2 0 5 4-g3ltr, 
n*--y h7-/^ 2 1 1 Hi 19 ^-t-;/ h CrtO'i' x/nW$- 

[0 0 2 8] i:A±(DitmAm'oM^nx. -^x/nw*'-* 

-t hmX ■ JKai^2 0 1 [*l<0--K- h BTj^ibn- KD •;- 
^'•f--v>/N'2 0 3l^<D*-tr-y h CHSill^^it^o ^:i5, 
■^xx-NW/iif^iMStL^ftH. *-t 7 h J^U'N-^' 2 0 8 

30 p^, if7.m^^. 2 0 9 , 2 1 2 N 2 L 
X. iJ-t-y hmX • kaiS2 O l . hSi^g2 0 

[0 0 2 9] l>BHBff^<^|Sc|i<D'^x/NW7jJi|Z^? 
tifz^kiz. u- Vuy i'^-v >/<2 0 3 H*';J.^^&^2 

1 6*"b||«*-X5r«t*&LT, hBHl|I*S?tLrv> 
-i,'^x/>WHSrSK#H^H-r'S>o -?-LT. r-f h/N'JU 
7*2 0 7 S-B3ttT, hJ^V^-ir 2 14 4-±#2i-<i: 
T, h B ?rKf[;S/£a2 0 4 ORfSl^ 2 1 7 IC|3:S 

« [ 0 0 3 0 ] H 3 itKBW 2 1 7 P^X'COmt • g-ftVo 

<t ^ H, n-x-f >^'-B#(-f4. t:-J'2 18HJ;t5,^ 

^HS:jS«2 1 7|*I«rj!)n^L^Afib. mmzyicmB-^^< 

-±2 2 0 7j^t>ig$£igS« 

@2 1 7|^Hfit^&LT. MK^H^^'H, 

%~3 0%S]gHL. tJ^o. TKSg^jgSTJM 0 p p bS 

fiP*.8 0 0- 1 2 0 Ot:S]S<75?a«H±#L;'^c>, -?-c7> 
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[0 0 3 1 ] >kiz. 7RSE*fe^^'-:^2 2 0*>e>St>'ia^ 
iSK#:V;^Sr«i^L, MIC /-fyT 2 1 9 *^c>7tc5"i-^ 
•f* A r #";^«rtt*&LT, v 'J 3 V i>'^ 1 0 1 O^M 
S-'^i-y hKfkl-'&o ->'J ^ >'t'i>'^ 1 0 1 O^ffit;^ 
^tv'J 3 ^^^r 1 0 nm<7)/f ^ICffM-f-So -<7>Kfra 
glciJV^T, H2 OtOitJS^r 500-lOOOOppm 

msnz^wirio ^nt&m-cii. h2 oojts^-i o o 

0 p pmt'f'So 

[0 0 3 2] mtmm(Dmiz. sr&i=2 1 7rt<75jas«r 

L/-: i S . 2 2 2 J: () 2 1 7 1*1 S- 1 

0-4P a<7)KSlct>v»T, H2 0(Dm&ii&T^'t:ho 

ft^LX. Zom. 2 1 9 ICJ: >), TKal^^^^-r 

*A r if:;^im^LXH2 OWiSti 3 ~ 1 0 p p mgjg 

ica^-r^o ^mmmxii^ h2 ogsts p pmic*t 

[0 0 3 3] ^:*s, h >^>;u|6i^l!il 0 3 (r-T hi^^ 
*n ~5J!g^^^^---b> h-g-W^-ti-'St iv^o N2 OigJt 

■fkvU =1 >*aft?->ir*l^i;. N2 OOft;t5i9H, NO 

[0 0 3 4] T--;uiag (Ig^tJag) Of^lC, 

tf-J. (r yn-f-f >r) o i:J.±OXmi:I^X. h > ^- 
;i'ffiftBIl 0 3 3!i*ffM?ti-6o (HI (B) ) 
[0 0 3 5] t7i/NW(^aS;i?®SUT|5|L7t<b, **- 
> J. U^- ^' 2 1 4 Hi h B S-KffcSlD^ 2 0 4 

Ti^ibn- Kn .v^'-f--\'>^N'2 0 3lC^J^^So -E-LT, 

JS(7>f^*4- LT, n.-K-y hT-A2 1 1 Hi h 
-'Uiffi^lS 1 0 3 AffM ^T-/-: -^7 i/NW^ * -t h JKA • 

•mih^2 0 1i:±^l±^Bl,ZLX. hCi:J^y) 

[0 0 3 6]'^H, h >;T^;u*e^igl 0 3<7?«ffiH, P 
mo^m^si^') :3 VJIl 0 4 ?: 5 0 n mCO/fS HfiKmi" 

-So nv-\ ^mtmtx^x.. mt'y) a vmi o 5 ^• 

1 0 - 5 0 nnKOH^lcffM-f'So ico^tzii, S2 1C 
^■t^fi^-^tffl LT, /^r^ 2 1 9 SrfsEffl LT-^i y h 
K^kfeUJ:!). X(i7K^MJK^'f-±2 2 0 ^rffifflLT* 
SJtJSfe^fbfeH J: f5 , mt-> ')^ymi 0 5 i:f^f&tti 
lfJ:i/>o SvMi. ^fkv-'J 3>^1 0 5<Oft*:>l9 H, ^ 
<ta«K, gftSSM> K<b^«iS*«f>fi£^3^fifit5r 
^-ri>ONOm^i:mi&LXiiXy^\ >kl'~. ')yY--f 
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<7)#-|§b^bv'; 0 6 ?rl¥$ 3 0 0 nmUfM-f 

-So (mi (c) ) o 

[0 0 3 7] ^I^B^a V 'J 3 >m 1 0 4 , Kftv 'J 3 
10 5. #|gB^avM n v^l 0 6 ^r-g-K-Pfiar-yf^V^^ 

LT, n 0 7 , V v 3 >K*es^i^ 10 8, m 
mv^ h 1 0 9 s-ffM-f-So -E- LT, iiiE^:^^ :t >a 

ALT, V-XllO, KU'I' > 1 1 1 S-gesg-g-WH 

m-^i-^o mi (D) ) = MH, v-xi 10, 

0, KU-f V 1 1 1 ^Ki^i: LTi^ffli-^^^-g-Hli, # 

[ 0 0 3 8 J ^nmmxit. h > ^-^ivmrnm 1 osn"^ 
m-r^fcitiiz. N2 ^H^>f'-cH20its«- 1 0 0 0 p 

pmiZLX. v'J =i>JK*'^^v HK^kLT, i>:H, H 
2 OmS.**3 p pm<r)i&^^X. N2 OlCl ►jK'fkv'J 
n>*SfkL-Cv^^„ 0 3 

<omm-ri>fzi6l,Z. H2 0?SS^®?fbiifIi:T--;Ui§ 
20 Si:-C*^:<b-frTftSgL;^-v'J 3 vK^tg'^tM«rS^iEi- 
-5>o iiT-(±, T--;l'j§S<757K*SS3 p pm, 10 

ooppmH*tLT, mmm<r>R2 ossat^xrM 

(cm-2) itfMLfZo ^J:ii. '> ^ >mitmimi: H 

2 ommxKsii-r:i>fzibi<z. m (s^^tiiiKoH 2 o&m 

/r--;ui§S<75H2 Oi^m) <o± ^ HSfBi-'&p 0!]x. 

tf. **j&^ji5Jfe^j<o h >^-)i'i^mm 1 0 3 j±m (10 

0 0ppm/3ppm) t^$ixi>o 

[0 0 3 9] T--;i'i§g<7)*.^jftJ875« 1 0 0 0 p p m 

■iKf&mm*^'^^^iz±^ < fj:i,o mx.^£. ^ (3 p p b/ 

1 0 0 0 p p m) r-(± 0 . 5cm , M ( 1 0 0 
p p m/ 1 0 0 0 p p m) r-fi, 0 . 8cm -2ggHlf 

[0 0 4 0] -(fe:^, 7--;ui§gO*^jtffi*«3 p p m 

(Dma. inmim^<D:^mmmizii}hr. T--;ui§ 

fI<^7K«igffi7!(n 0 0 0 p pm<omx <0 t^^R5«-S7!)M> 

Htj£oT, :XraS=J$7!ifiiS^^L/co ^Jxlf, m (3 p p b 
10 /3 p pm) K-eiiO. 6 cm-2fIJST-*»), M (1 0 
0 p pm/S p pm) ^r-(±0. 3 c m -2gJtT-ab'6 
7!/'% ^^ifetaj^ifetajom (1000ppm/3ppb) 
K-C1±0. 1 cm-2t-tZ>ZtA<X'^i,o 
[0 0 4 1 ] iOitti, SEltaffiT-{if§SH14^i^v»if6 

^ix-r. tfz. mm^iz. h2 o^onmAm^Lx 



(6) 
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Si-HIS-g", S i— OHIS-g-S-gft • Kft-f T IC 
^liMl 0 3 lC»ig-C^^o 

10 0 4 2 ] C^ifet^J 2 ] mmm i -eii h > :T-.;i'ifgi^ 

[0 0 4 3] 4:|life^JT-l±. geikiiSlCiJV^r. 

i±, H2 onm&t:^~-SL+%nm. ^■mmm-r^it3 s 
ppmiciiifLT, N2 ox«iNo^aK'fi-er--;i' 

[0 0 4 4] :$:^JSW<7? h V^^iW^fe^Ml 0 3(i, 20 

[0 0 4 5] ±i2W||JfefHjr-t±, EEPR0M^i=^<7j h 
V^^^L'^^tmi^rsH LT|5i^L/w;!»^ E E P ROM^^O 

ONO^^, Mos h7>-v;^^coy'f h^sm&ffl-r 

[0 0 4 6] 
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♦TtcitffiTsn p pmJ.jL±i 0 p p m);xTTm&-Mm-t- i> X 

+ + U-Vir J:oTffi*H5^t^/fSi^-& S i -HIS^^S 
i IS-g-OSiH^rS i =N*S-g-, S i 2 = 

[HMcOffi^^rUi^] 

[dl] *^i!ife1?II<7)EE PROM^^Of^SSIflOUiB^ 

[112] :^umm(omimfm^a:<om.^.mr'i,i,o 
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